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528a complex connective tissue disorder.
In addition, the patients had severe in-
tellectual disability that cosegregated
with the connective tissue phenotype.
A combination of computational
methods demonstrated the impact of
the missense mutation on structural
stability, multimeric assembly, and dy-
namic behavior of the PYCR1 complex.
We showed that Ala189 plays a pivotal
role in maintaining the pentameric and
decameric assembly of PYCR1, and that
the p.Ala189Val mutation also leads to
elimination of the critical inter- and
intrasubunit interactions by affecting
adjacent charged residues within the
region in both pentameric and deca-
meric conformations. These findings
are predicted to result in loss of
PYCR1 activity with severe phenotypic
consequences.
CONFLICT OF INTEREST
The authors state no conflicts of interest.
ACKNOWLEDGMENT
Molecular dynamics simulation was performed
using the Computing Cluster Facility of the
University of Tehran, Iran. Carol Kelly assisted in
manuscript preparation.
Hassan Vahidnezhad1,2,10,
Razieh Karamzadeh3,4,10,
Amir Hossein Saeidian1,10,
Leila Youssefian1,9,10,
Soheila Sotoudeh5, Sirous Zeinali2,6,
Mohammad Vasei7, Fatemeh Golnabi6,
Taghi Baghdadi8 and Jouni Uitto1,*Abbreviations: HF, hair follicle; IF, infundibulum; IFE
Accepted manuscript published online 30 September
30 November 2016
ª 2016 The Authors. Published by Elsevier, Inc. on b
This is an open access article under the CC BY-NC-N
nc-nd/4.0/).
Journal of Investigative Dermatology (2017), Volum1Department of Dermatology and Cutaneous
Biology, Sidney Kimmel Medical College at
Thomas Jefferson University, Philadelphia,
USA; 2Department of Molecular Medicine,
Biotechnology Research Center, Pasteur
Institute of Iran, Tehran, Iran; 3Department of
Biophysics, Institute of Biochemistry and
Biophysics, University of Tehran, Tehran, Iran;
4Department of Molecular Systems Biology,
Cell Science Research Center, Royan Institute
for Stem Cell Biology and Technology, ACECR,
Tehran, Iran; 5Department of Dermatology,
Children’s Hospital Medical Center, Pediatric
Center of Excellence, Tehran University of
Medical Sciences, Tehran, Iran; 6Kawsar
Human Genetics Research Center, Tehran,
Iran; 7Department of Pathology and Digestive
Disease Research Institute, Shariati Hospital,
Tehran University Medical Sciences, Tehran,
Iran; 8Department of Orthopedic Surgery,
Imam Khomeini Hospital, Tehran University of
Medical Sciences, Tehran, Iran; and
9Department of Medical Genetics, Tehran
University of Medical Sciences, Tehran, Iran
10These authors contributed equally to this
work.
*Corresponding author e-mail: Jouni.Uitto@
Jefferson.eduREFERENCES
Byers PH, Murray ML. Ehlers-Danlos syndrome: a
showcase of conditions that lead to under-
standing matrix biology. Matrix Biol 2014;33:
10e5.
Dimopoulou A, Fischer B, Gardeitchik T,
Schroter P, Kayserili H, Schlack C, et al. Ge-
notype-phenotype spectrum of PYCR1-related
autosomal recessive cutis laxa. Mol Genet
Metab 2013;110:352e61., interfollicular epidermis; IMQ, imiquimod
2016; corrected proof published online
ehalf of the Society for Investigative Dermatology.
D license (http://creativecommons.org/licenses/by-
e 137Forlino A, Marini JC. Osteogenesis imperfecta.
Lancet 2016;387:1657e71.
Guernsey DL, Jiang H, Evans SC, Ferguson M,
Matsuoka M, Nightingale M, et al. Mutation in
pyrroline-5-carboxylate reductase 1 gene in
families with cutis laxa type 2. Am J Hum Genet
2009;85:120e9.
Karplus M, McCammon JA. The dynamics of
proteins. Sci Am 1986;254:42e51.
Kuo ML, Lee MB, Tang M, den Besten W, Hu S,
Sweredoski MJ, et al. PYCR1 and PYCR2
interact and collaborate with RRM2B to protect
cells from overt oxidative stress. Sci Rep
2016;6:18846.
Meng Z, Lou Z, Liu Z, Li M, Zhao X, Bartlam M,
et al. Crystal structure of human pyrroline-5-
carboxylate reductase. J Mol Biol 2006;359:
1364e77.
Phillips JC, Braun R, Wang W, Gumbart J,
Tajkhorshid E, Villa E, et al. Scalable molecular
dynamics with NAMD. J Comput Chem
2005;26:1781e802.
Reversade B, Escande-Beillard N,
Dimopoulou A, Fischer B, Chng SC, Li Y,
et al. Mutations in PYCR1 cause cutis laxa
with progeroid features. Nat Genet 2009;41:
1016e21.
Uitto J. Heritable disorders of connective tissue:
introduction to mini-review cluster. Matrix Biol
2014;33:8e9.
Uitto J, Li Q, Urban Z. The complexity of elastic
fibre biogenesis in the skin—a perspective to
the clinical heterogeneity of cutis laxa. Exp
Dermatol 2013;22:88e92.
Urban Z, Davis EC. Cutis laxa: intersection of
elastic fiber biogenesis, TGFbeta signaling, the
secretory pathway and metabolism. Matrix Biol
2014;33:16e22.
Yildirim Y, Tolun A, Tuysuz B. The phenotype
caused by PYCR1 mutations corresponds to
geroderma osteodysplasticum rather than
autosomal recessive cutis laxa type 2. Am J Med
Genet A 2011;155A:134e40.Effects of Depilation Methods on
Imiquimod-Induced Skin Inflammation
in Mice
Journal of Investigative Dermatology (2017) 137, 528e531; doi:10.1016/j.jid.2016.09.018TO THE EDITOR
Imiquimod (IMQ) acts as a toll-like-
receptor-7/8 agonist and its topical
application is used as a model for
psoriasiform skin inflammation. In miceand humans, skin inflammation is
characterized by infiltration of several
immune cells (Drobits et al., 2012; Kalb
et al., 2012; Palamara et al., 2004) and
activation of the IL-23/IL-17/IL-22 axis(Riol-Blanco et al., 2014; van der Fits
et al., 2009). Major histocompatibility
complex-II upregulation on keratino-
cytes, hyperproliferation, parakeratosis,
and increased vascularization are also
observed recapitulating psoriatic hall-
marks (Flutter and Nestle, 2013).
Hair removal is essential before IMQ
is applied to the murine skin. Different
laboratories use various depilation
strategies such as razor shaving, depi-
lation cream, or wax stripping. Shaving
Figure 1. Effects of different depilation methods on epidermal cell lineages following IMQ treatment. (aed) Quantification of (a) IFE thickness and (b) IF length
from IMQ treated mice and (c) IFE thickness and (d) IF length from rmIL-23 injected mice. Data show the relative change to shaved untreated (aeb) or shaved
PBS injected skin (ced). (e) Quantification of the percentage of anagen hair follicles at indicated treatments. (feg) Quantification of numbers of PSer10H3
positive cells in (f) the IFE and (g) the IF of mice of indicated treatments. *P < 0.05, **P < 0.005, ***P < 0.001 for 2-way ANOVA and Bonferroni post-test; #P <
0.05, ##P < 0.005, ###P < 0.001 for Student’s t test.
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whereas wax stripping results in
depletion of HF stem cells leading to
anagen entry (Amberg et al., 2016; Paus
et al., 1994). The effects of depilation
cream have not been carefully investi-
gated yet.
We tested if these three different
depilation strategies affect the inflam-
matory response by applying IMQ for 7
consecutive days on the back skin of
late telogen (65-day-old) C57BL/6 mice
1 day after hair removal. All IMQ-
treated mice exhibited splenomegaly
as previously reported, which was not
seen in untreated or vehicle-treated
controls (Palamara et al., 2004)
(Supplementary Figure S1a online). As
it is important to distinguish infundib-
ulum (IF) thickening from rete ridges
found in human psoriatic skin, weanalyzed IF and interfollicular
epidermis (IFE), because both com-
partments harbor stem cells that can
replenish injured epidermis. All treat-
ment groups responded to IMQ with a
similar increase in IFE thickening
(Figure 1a, Supplementary Figure S1b).
The IF was already longer in creamed
and waxed mice compared with shaved
mice and increased further after IMQ
application in shaved and creamed, but
not in waxed mice (Figure 1b). These
results demonstrate that waxing masks
the effects of IMQ on the IF.
We next investigated whether these
distinct effects of hair removal methods
were specific for IMQ or applied also to
other triggers of skin inflammation such
as rmIL-23 injection. Similar to IMQ
treatment we found acanthosis of the
IFE after intradermal rmIL-23 injectionalthough waxing induced significantly
less IFE thickening than shaving or
creaming (Figure 1c, Supplementary
Figure S1c). IF length was already
increased by phosphate buffered saline
injection in creamed and waxed
compared with shaved mice
(Figure 1d). Except for creamed mice,
the IF increased further on rmIL-23 in-
jection (Figure 1d). These results show
that different hair removal methods
affect skin morphology in two skin
inflammation models and that the
effects on IFE are less strong with rmIL-
23 when compared with IMQ.
We recently showed that telogen HFs
from shaved mice treated with IMQ
started to enter anagen (Amberg et al.,
2016). An analysis of HF stem cell
activation by staining for the prolifera-
tion marker Ki67 or the M-phasewww.jidonline.org 529
Figure 2. Effects of different depilation strategies on immune cell infiltration following IMQ treatment. (ael) Quantification of the inflammatory infiltrate in
the indicated skin fractions by FACS in mice treated with IMQ (aef) or rmIL-23 (gel) and depilated by the indicated methods. Data show the fold change relative
to shaved untreated (aef) or shaved PBS injected (gel) of (a, g) CD45þ cells of live cells, (b, h) TCRdhi and (c, i) TCRdlo cells of CD45þ cells, (d, j) macrophages
(F4/80þ CD11c), (e, k) neutrophils (Ly6Ghi Ly6Cþ) and (f, l) infiltrating monocytes (Ly6Chi) of CD11bþ cells within the CD45þ population. (meq) Expression of
indicated cytokines in whole skin by qRT-PCR analysis relative to the housekeeping gene Tbp. *P < 0.05, **P < 0.005, ***P < 0.001 for 2-way ANOVA and
Bonferroni post-test; #P < 0.05, ##P < 0.005, ###P < 0.001 for Student’s t test.
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530marker PSer10H3 revealed that telogen
HFs of shaved skin remained quiescent,
whereas all HFs of creamed or waxed
skin had proceeded to mid-anagen
(Figure 1e, Supplementary Figure S2a
online). Because creaming and waxing
per se already induced anagen, there
was no additional effect induced by
IMQ (Supplementary Figures S1b and
S2a). A significant increase in prolifer-
ation was observed in the IFE and IF of
all IMQ-treated mice (Figure 1f and g,
Supplementary Figure S2b and c).
However, skin exposed to depilationJournal of Investigative Dermatology (2017), Volumcream showed the lowest increase in
proliferation on IMQ treatment
(Figure 1f and g). Different depilation
methods also affected other psoriatic
hallmarks like microvessel density after
IMQ treatment, whereby the most pro-
nounced vessel increase was observed
in waxed mice as determined by stain-
ing with MECA-32 (Supplementary
Figure S2d and e).
FACS analysis showed that all groups
responded to IMQ with elevated
numbers of CD45þ cells (Figure 2a). In
contrast to shaving and creaming,e 137waxing did not increase major
histocompatibility complex-IIþ den-
dritic cells after IMQ treatment
(Supplementary Figure S3a online).
Surprisingly, dendritic epidermal T cells
(TCRdhi) were significantly lower in
waxed compared with shaved or
creamed mice and did not decrease
further after IMQ treatment (Figure 2b),
showing that waxing alone leads to
dendritic epidermal T-cell activation
and emigration. In line, TCRdlo cells
did not change in waxed mice after
IMQ treatment, but were increased in
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TCRbþ cells were not affected
(Supplementary Figure S3b). Depilation
cream induced an increase in dermal
CD45þ cells in untreated and IMQ-
treated mice (Supplementary
Figure S3c). Macrophages increased
after IMQ treatment in shaved and
waxed mice, but remained low in
creamed mice (Figure 2d). Waxed mice
showed reduced neutrophils and
CD11bþ/Ly6Chi monocytes after IMQ
treatment, compared with shaved mice
(Figure 2e and f). Mast cells were
already elevated in waxed compared
with shaved and creamed mice, but
were less activated in waxed mice
despite their numerical increase after
IMQ treatment (Supplementary
Figure S3def).
The changes in the inflammatory
infiltrate after rmIL-23 injection under
different depilation regimens were
similar to what was observed with IMQ
(Figure 2gel), except for TCRdlo cells,
which were increased in waxed skin
(Figure 2i). Moreover, phosphate buff-
ered saline injection alone led to
increased macrophages and monocytes
in mice depilated by cream or wax, but
not by shaving indicating that injection
injury is per se an inducer of these cells
in combination with the respective
depilation method (Figure 2j and l).
Furthermore, unlike in IMQ-treated
skin, we did not observe differences in
monocyte numbers between shaved or
waxed IL-23-treated skin (Figure 2l).
However, because of the small area of
skin treated with IL-23, a separate anal-
ysis of epidermis and dermis was not
possible, which might account for the
differences compared with IMQ treat-
ment. Expression analysis of cytokines
typical for psoriasiform skin inflamma-
tion by quantitative real-time reverse
transcription-PCR showed that IL-6 and
Cxcl-1 were induced in IMQ-treated
creamed or waxed skin. A similar trend
could be observed for TNFa, IL-23p19,
and IL-17a (Figure 2meq).
In summary, hair removal by waxing
showed the most prominent differ-
ences compared with shaving after
IMQ or IL-23 treatment, possiblycaused by removal of the stratum cor-
neum through waxing (Mohammed
et al., 2012). This extra irritation
likely alters skin homeostasis. Some of
these differences were also observed
using depilation cream. However, we
cannot exclude that ingredients of the
depilation cream are responsible for
the observed effects. On the basis of
our results, we suggest standardizing
the depilation methods between
different laboratories using IMQ to
allow a better comparison of experi-
ments. Our recommendation is to
apply topical IMQ on razor-shaved
back skin during late telogen. This
condition exhibits the greatest differ-
ences not only in HF stem cell activa-
tion but also in immune cell infiltration
and psoriatic hallmarks.
ANIMALS
C57BL/6 mice were purchased from
Jackson Laboratories and kept in the an-
imal facility of the Medical University of
Vienna for several generations in accor-
dance with institutional policies and
federal guidelines. Animal experiments
were approved by the Animal Experi-
mental Ethics Committee of the Medical
University of Vienna and the Austrian
FederalMinistryof ScienceandResearch.
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